STABILIZATION OF THE PHOSPHATE RATIO OF SEA WATER
BY FREEZING

By Avsxrt W. CoLLier, Fishery Research Biologist
and Kexnxera T. Marvin, Chemnist

It 18 the accepted practice in oceanographie
investigations to make all chemical analyses, ex-
cept salinity determinations, at sea. This is neces-
sary because there has been no way in which
samples could be stabilized for the relatively long
period intervening between the collection of sam-
ples and the return to base. Only & limited num-
ber of analyses can be performed at sea, as a
rolling, vibrating ship is not suitable for the deli-
cate instruments required to make many of the
chemical analyses. The chemists assigned to
oceanographic investigations have thus been forced
to make determinations under conditions unfav-
orable to producing the best quality or the greatest
quantity of work.

Since the program of the Gulf Fishery Investi-
eations of the United States Fish and Wildlife
Service necessitated expansion of chemical investi-
gation into the fields of organic chemistry and of
biochemistry, it was essential that we find some
method of overcoming the difficulties to making
chemical analyses at sea. We desired to increase
the precision and quality of work and to take
advantage of the gain in productive manpower
inherent in chemists working ashore, so as to
make an intensive study of the phosphorus econ-
omy of the sea, reexamine the nitrate problem,
and study the organic compounds present in sea
water.

This paper reports the first of a series of exper-
iments to test the stability of certain organic and

inorganic complexes in sea water after the sam-
ples have been quick-frozen. The analysis for
inorganic phosphorus i1s universally used in oce-
anography and marine biology and is very sensi-
tive to changes in biological activity. Accordingly,
we selected it as the first of a series for testing
and reporting,
24304453

TECHNIQUES OF FREEZING AND
ANALYSIS

Sea water was collected from Offat’s Bayou, a
small inlet on the bay side of Galveston Island,
and from the open beach of the Gulf of Mexico
near the laboratory. Normally, the waters of
Offat’s Bayou are richer in phosphate than are
the waters of the Gulf of Mexico. The bottles
found most satisfactory for this work were 4-ounce
prescription botftles with molded plastic screw
caps. They withstood the freezing well with only
occasional breakage.

Freezing was accomplished by immersing the
sample bottles in & bath of dry ice and ethyl alco-
hol. Preliminary tests demonstrated that ordi-
nary refrigeration did not stabilize the materials,
and that even freezing in the ice-tray section of
an ordinary refrigerator was too slow. The dry-
ice-and-alcohol bath made an easily portable
arrangerment, and froze the samples quickly
enough to be effective.

Conditions aboard ship made certain modifica-
tions of this method necessary. Samples to be
frozen were collected in glass culture tubes (25 x
200 millimeters) fitted with molded plastic screw
caps. 'To speed the freezing of sea-water sam-
ples and to save time on shipboard, the sample
tubes were prerinsed three times with distilled
water and thoroughly drained in the shore labora-
tory before the ship sailed. Before the samples
were put in the freezing bath the tubes were
tightly sealed at the junction of cap and tube
with plastic insulating tape. This prevented con-
tamination by the freezing solution or by the
water of the bath during thawing,

Freezing was done in a vat of 38 percent
ethylene glycol held at an average temperature of
—5° F, in & commercial quick-freeze cabinet 1n-
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stalled for the purpose on the Algska. The sam-
ples collected at one station were left in the freez-
ing bath until the next station was reached,
although they were well below 0° F. in less than
4 minutes. The samples were recorded according
to their permanently affixed serial numbers.

The inorganic phosphorus was determined by

the method described by Robinson and Thompson
(1948) except that color intensity was measured
Our anal- "

with & Fisher AC electrophotometer.
yses were within the 10-percent limits of- error
given by Robinson and Thompson. All references
to concentration of phosphorus are in terms of
J-gram atoms of phosphate phosphorus per llter

EXPERIMENTS TESTING THE BEHAVIOR

OF INORGANIC PHOSPHORUS IN SEA

WATER
Experiment 1

Experiment 1 was set up to record any changes
that occurred in the concentration of inorganic
phosphorus in sea water left standing in sample
bottles at room temperature. Such data were
needed for comparison with those from the frozen
samples,

Sea water was collected in Offat’s Bavou and
transported to the laboratory in a 5-gallon glass
container, There it was filtered into a second
glass container to remove gross particulate mate-
riel, and from it 107 samples were siphoned into
the prescrlptlon bottles. These samples were
arranged In sets of 8, 9, or 10 bottles each, to be
used as replicates for analysis at selected time
intervals, and were placed on a table in the
laboratory.

The 1nitial phosphorus determinations wers
made after the water was filtered and before the
first sample was drawn. The average value for
each subsequent set of replicates was compared
with the average of this initial set of eight. The
sets comprising the series were analyzed consec-
utively at comparatively short intervals for the
first 27 hours, and at longer intervals thereafter.
The final analysis was made 29 days after the
experiment was started. The results for the
several time intervals, together with certain sta-
tistics pertaining to them, are shown in table 1.
- The initial concentration was 2.54, but within
2 hours the next set gave a value of 2.58, t0 be
followed by a drop to 2.45. This decline con-
tinued until the twenty-first hour when the con-

~tested by the analysis of variance.

tory to remove gross particulate material.

centration was 1.60. After this there were minor
fluctuations around 2.00 for the remainder of the
period. The “‘Student’’ ¢ test was applied for com-
paring the mean of the initial set with the means
of the subsequent sets, ending with the fifth hour.

The data for the ﬁrst three time intervals were
The &H&Iysm
was not extended beyond the fifth hour since the
changes beyond that time were obviously sighif-

icant. The means tested within the 5-hour period
demonstrate heterogensity, since F exceeds 32,

w];iirﬂ:; is'.Sig:njﬁc&nt at the 1-percent level.

TaBLE 1.—Changes tn inorganic-phosphorus concentration
of sen water occurring at room temperafures '

A, VALUES IN u-GRAM ATOMS OF FO+P PER LITER .

Number Standard Fiduelal
Time interval inset | MeAR | Goviation |limits {t.;)
Initial. .o oo 3 2. b4 (.092 0.1134
P2 1§ o - S 0 2. 68 0467 0746
G 3 o) o 10 2.45 085 . (873
530 1y - T 10 .27 048 . 0496
2L BTS e 10 1.60 [mmcmceoee e
¥l o | o S 10 ) - T S
R - T 10 3 | B U F
3davs. . e 10 .2 | I S S
17 days. i cme e 10 1 N (IR S
2148¥S - e 10 1,93 |ocmeeceee e na |
20days. o emmaane. 10 /2 | N N P

il S

B. COMPARISON OF MEAN OF INITIAL SET WITH MEANS OF
BUBSEQUENT BETS

i

Difference
between
I[0E3NS

Value of ¢ Degrees of

Time interval freedom

.41 - S 4. 04 1. (M5 15
5 10 o1 - S —0. 09 *2. 097 15
i3 41 o T (), 27 7. 086 18

(. ANALYSIS OF VARIANCE

Bduree of variation Degrees of Sum of Mean
freedom squares squate
: K
Between sets. . oo o e 3 0. 532 g.1773
Within s0ts o oo ;e ce oo n 33 | . 180 . 0055
g 0] 2 S 36 “ 71 |ameeccaaaa —_—

F="**32 24 hetween sets

Experiment 2

Experiment 2 was designed to test the rate of
change of inorganic phosphorus at subzero tem-
peratures. As in experiment 1, sea water was
taken at Offat’s Bayou and filtered at the labora-
Ten
sets. of samples were drawn, the first analyzed at
once and the remaining nine frozen for later
analysis, It required 15 minutes to draw and
freeze each of the nine sets. The first was analyzed
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on. the following day, the last on the forty-fifth
day. The results are shown in table 2

While only small differences developed between
the means of the initial and the final sets, five
means were different, according to the ¢ test.
These variations between time intervals, while
slight, are reflected in an F value of 3.78, which
is significant at the 1-percent level.

From the results of these first two experiments
it became suspect that the 2-hour interval re-
quired to draw and freeze the 10 sets introduced
8 variable, in that changes in inorganic-phospho-
rus content were taking place even in that short
interval. Subsequent experiments were designed
to control this variable.

TABLE 2.—Changes n inorganic-phosphorus concentration
of sea water occurring. at subzero temperatures

A, YALUES IN g-GRAM ATOMS OF PO4-F FER LITER

. Number Standard Fiducial

Time interval in set Mean deviation |limits (f.e1)
Initial . e 10 2, 06 0. 087 0. 100
1daV. o icmmccccccce e ————— 10 1.72 181 . 186
2 AdBYS . e oo —imcaaa——aa 10 1. 85 . 097 . 100
E, 3 72 ), 2. S 10 1,02 . 235 . 2391
8dRYS . e 7 1. 84 172 . 241
BAaVS £ e 10 | 1. B8 . 162 . 188
2] dBVS e 8 1. 90 . 141 .175
2 AaYS e esemncmm—m—————— 10 1. 80 . DO , 080
37 daYE. - e -8 2. 02 | . 140 . 158
0 o U B 1.00 . 156 . 192

B. COMPARISON OF MEAN OF INITIAL SET WITH MEANS OF
SUBSEQUENT BETS

Difference
- Deprees of
Time interval between | Value of £
means Ireedom
B U5 U S —{. 33 "y 072 18
2 U8y 8 vrccemrcamrrammmm————teae——— -, 1(} 2.301 1R
B A8y 8o iccamc e m—em———m—————— -, 13 L. 677 18
BARY S et nenmmsmmmam————— o, 21, **3.179 15
BAAYS e emc e mm——a———- —.17 *2, 847 18
2] ARY B et —————— —, 15 »2. 667 18
20 AB Y5 temcmmcmcee e ————————————— -, 16 **3.868 18
A 6 F 4 T —, 03 . 509 17
45 ABYE cccvmccmmccame—m—em—a————— —. 06 1.046 ig
0. ANALYSIS OF FARIANCE
_— Degrees of Sum of Mean
Source of variation freedom squares squaTe
Betwesn Set8. -0 oo e 9 0.777 {. 086
Within sets. oo immccamwam——am- 82 1.868 . 023
i An ) 2 1 ) 2646 | ooeeee
F="*3 18 baetween sets

Experiment 3 . |
Experiment 3 was designed, as were experiments

1 and 2, to measure the differences between rates
of change in inorganic phosphorus stored at room

temperature and at subzero temperatures. - It was
modified from these by the addition of inorganic
and organic phosphorus, the former as potassium
phosphate (dihydrogen) C. P., the latter as sodium
glycerophosphate (Hastman)., These were added
to ensure a sufficient substrate of phosphorus to
permit greater changes in concentration than
could occur in phosphorus-deficient natural sea
water. - - .

The sea water for this experunent was taken
from Galveston Beach. After adding the phos-
phorus, the mixture was filtered before drawing
the samples. Altogether, 13 sets of samples were
drawn, 5 to be kept at room temperature; 8 to
be frozen. The results of these experlments are
shown in tables 3 and 4. -

In the 25 days during which the samples were
held at room temperature, the concentration of
inorganic phosphorus nearly doubled (table 3).
As shown by the ¢ test, each set of samples was
significantly different from the initial set. The
high values for the mean squares in the analysis
of variance indicate the great differences which
resulted between sets as compared with the differ-
ences within sets.

TapLE 3.—Changes in inorganic-phosphorus concentration

of sea water uith added phosphorus, occurring al room
temperature |

A. VALUES IN p-GEAM ATOMS OF PO-F PER LITER

Number Standard | PFiducial
Time interval inset | MeaW | gaviation |1imits (f.cs)
Indtia). oo 19 5,83 0.1202 | 0. 134
s F: ) 10 g. 38 . 148 . 152
H s B 8 TP 10 3.01 . 357 . 367
i £ 4 S 10 8.90 . 2268 - . 232
20 Y. c e e e 10 10. 24 . 232 . 238

B. COMPARISON OF MEAN OF INITIAL SET WITH MEANS OF
SUBIEQUENT SEIS

Difference
| Time interval between | Valueof ! Dw of
| Imeans om
L QY e e ce et e m e —— (.85 **11.193 : 27
S AV o e e mm 2.18 ¥4, 672 .. 2T
17 A8y e ———— 3.07 **18. 975 Y |
.1 i s £ 31 S I 4. 41 **6o, 141 27
{J. ANALYSIS OF VARIANCE
Degreesof | Bum of Mean
Sourcs of variation freedom | squares square
Between suta..---,--,.....' ..............
Within 80t oo e eamm—as
Total. . oo emceecmcmanaa

ST

I ==_“859_.85 between sets
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By comparison, and in confirmation of the
results shown in experiment 2, while the mean of
the set held 61 days at subzem temperatures is
not significantly different from that of the initial
set, 4 of the 7 sets show differences with the ¢ test
(table 4). The analysis of variance also shows &
possible significant difference between sets.

From thewe results it became inereagingly
evident that the time required to process the
shmples was introducing an uncontrolled variable,
with changes in the ratio of inorganic to organic
phosphorug being more rapid than had been
suspected. The fnllawmg experiment was designed
to control this.

TABLE 4.—Changes in murggﬂw-phnspham concentration
of sea water with added phosphorus, acc'urﬂﬂg at subzero
temperalires

A. VALUES IN y~GRAM ATOMS OF PO¢P PER LITER

o F— o bbbl Ll L - B & A -

| Namber { Standard Fiduoeial
Time interval inset | Mean | qevigtion |limits (t.00)
Inftigl. __..__. 19 5.63 0.115 0.076
| W e ) g 5. 64 . 219 . 344
2A8YS. e ] 10] 5.5 - 968 975
. 0 K S 10 b. 64 g+ 2 ¢ . 343
10 dRyS. .. . e m——————— 10 5. 63 . 200} 411
13days. . e 10 5. 78 . 187 . 193
I8 davse e, 0 5. 58 . 156 ATE
8ldays_ .. 6 5 T8 172 . 284

~ B. COMPARISON OF MEAN OF INITIAL 8ET WITH MEANS GF
SUBSEQUENT SET3

il P N b o - I » P ..

Difference
Time interval between | Value of ¢ | D2¢8rees of
MEAns freedom
lday .. .._.. R e h e e e e m—e .- ~—0, 10 "2 Q14 26
2dava____. e ———————— et - 28 24 057 27
3&3?3-'---'.;----.. ........ - - - 19 ‘2: 225 | 2.?
1048Y8. o miee e e r—————a— —. 2 016 27
18 A0V e —. 05 .828 | 27
1R VS e —. 25 w4 762 26
Bl days. -, (5 . 710 23
| C. ANALYSIS OF YARIANCE
. Degreesof | Sum of Mean
Souree of yarigtion freedom squares 3quare
Between sets. . ... ____ ... R 7 0. P04 0.120
Wlth-in Eﬂtﬂ- Pl T L1 T L e CE I T F L T L L e ?ﬁ " 3& ;“EE
Totals vitmcanccceaes —mrmmm—e—aa 82 5. 272 oo —
FF=*2 220 betwoeen sets
Experiment 4

Experiment 4 was deslgned to appraise the
effects of the delay inherent in drawing & large
number of samples on the concentration of
morganic - phosphorus. In this experiment, six
gsets of samples wera drawn as rapidly as possible

directly from Offat’s Bayou. Filtering was
eliminated to expedite the operation. In the
initial set, the molybdate reagent was added to
stabilize the samples, and the set was analyzed
immediately on return to the laboratory. Sub-
sequent samples, held at room temperature, were
analyzed at the intervals shown in table 5.

‘The increases of 0.2 u-gram atoms from 1.38
during the first 30 minutes and of 0.36 u-gram
atoms within the first 90 minutes, and the sub-
sequent rise to 1.80 and decline to 1.68 p-gram
atoms, indicate how rapidly changes can take
place at room temperature and explain, in part
at least, the variations which developed in
experiments 2 and 3. It is important to note
that, while each set of samples was significantly
different from the initial, as shown by the # test,
and that the variations between sets in the
analysis of variance was large in relation to the
variance within sets, the standard deviations and
the variance within sets were nominal. The
mmportance of adequate stabilization or immediate
analysis in determining the inorganic-phosphate
ratio 1s here clearly demonstrated.

TasLe 5.—Changes in tnorganic-phosphorus concentration
of sea waler occcurring at reom temperature

A. VALUES IN u-GRAM ATOMS OF POs-P PER LITER

. . Number Standard { Fidueial
Time interval in set Mean | gaviation | limits (¢.01)
nitial et b 1.38 0. 067 0. 076
30min. e 5 1. 60 122 . 252
MOmin____ e ri 1.74 . D98 . 137
K 3« s SO 8 1. 80 . 160 . 108
11 o S - 9 1.78 . 083 . 093
B S, o e iaaaas 0 1.68 . D97 . 109
N ! .
B. COMPARISON OF MEAN OF INITIAL SET WITH MEANS OF
SUBSEQUENT SBETS
Difference
Degrees of
Time interval between
means Value of £ freedom
30min.. e eicecaeas e mmm————— .- 0.22 **4. 422 12
QOmin..___.__.. e mmmeceemesAREem—e .38 el 774 14
3 DS e e e —— .42 we7 200 15
- 304 0o [ .40 **11. 239 18
S BB e b Ame—ememtemeeeesseme= .30 "7 0635 18
C., ARALYSHIS OF VARIANCE
Depreesof | Sum of Mean
Source of variation fresdom squares square
Between sets. .. oo oo b 1. 087 0.213
Withinsets. o ees 41 . 464 .01
d V) ) .'I 48 i ) I ) N
Fu"*18 RS betwetn sota
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Experiments § and 6

Ezxzperiment 5 was designed to obtain more
nearly exact information on the effect of freezing
on the changes in the concentration of inorganie
phosphorus by minimizing the delay inherent in
drawing and freezing a large number of samples.
As In experiment 4, samples were drawn from
Offat’s Bayou as rapidly as possible and without
filtering. The samples were frozen immediately.
Again, the molybdate reagent was added to the ini-
tial set, which was analyzed immediately on return
to thelaboratory. In each,the molybdate reagent.
was added to the sample as it was placed in the
water bath so as to minimize changes which might
take place in the period of thawing. |

In this experiment, the first set of samples was
analyzed 90 minutes after freezing, the last set 4%
hours later (table 6). With this technique, no
differences are evident either in the ¢ test or in the
F value of the analysis of variance.

TABLE 6.—Changes wn inorganic-phosphorus conceniration
of sea water occurring at subzero temperatures

A, VALUES IN p-GRAM ATOMH OF PO;-F PER LITER

75

The same techniques were employed in éxperi-
ment 6 a8 in experiment 5, but the samples were
held for a longer period of time, as shown in table
7. Here, again, the rapid freezing techniques
minimized changes during the period of collection,
so that no significant changes in the concentrations
of inorganic phosphorus were evidenced in the #
test. The difference shown in the F test of the
analysis of variance, being greater within than
between sets, is probably due to particulate
material, since these samples were not filtered.
The variance between sets is at a minimum.
From these experiments, it is apparent that rapid
freezing and holding of samples at subzero tem-
peratures effectively stabilizes the inorganic-phos-
phate ratio, so permits of analysis even weeks after
collection with greater assurance of accuracy than
if any delay i1s encountered between collection and
analysis.

TaBLR 7.—Changes in inorganic-phosphorus conceniralion
of sea waler occurring al subzero lemperatures

A. VALUES IN y-GRAM ATOMS OF FO4-P PER LITER

Number Standard l ¥Fiduclal
Time interval inset | Me8n | agviation |limits (E.o0)
Initial. e erceercecenman P | 2 80 I 0, 492 0. 551
1 hrs . o renvcccecc - 8 2.65 | - . 083 .114
37 T () o ) 2 70 . 206 231
434 hre e 10 2.5 . 530 . 44
B hrs_ . e e e 11 2.80 . 417 339
B. COMPARISON OF MEAN QF INITIAL SET WITH MEANS OF
SUPSEQUENT SETH
Difference -
Time intorval between | Valueof¢ | DeErees of
means : freadom
1 hra e vaaee l —{. 25 1. 409 15
B DS e e s r e mE————— —. 2 1.124 18
S Y o T ==, 05 . 212 17
53 DrS. e eecccccma e sm———— ~, 10 - 402 18
C. ANALYSIS OF YARIANCE
— — | ——
- Degreesof | Sum of Mean
Bource of variation freedom | sqoares square
Batween setd._ .. ceecceeccmcceame—aes 4 0. 583 0.146
Within 8et8. ueemeeaccmmmmenmceccannnas 42 | 8.805 | . 157
o 2 D ! 46 ‘ 7.188 |oooeoennen

F < 1 between sets

Number Standard | Fiduclsl
Time interval inset | Me8D | Sovintion |limits (o)
Initial . - . oo 7 2. 26 0. 127 0.178
30 i 1 o . J IR 10 2. 24 . 1898 . 201
35 o1 o S 7 2.20 . (69 097
p R 15 10 2. 24 . 237 L243
s F- 7 T 10 2. 27 . 275 . 283
T ARV e cecer—ea—————a 9 2. 27 , 206 . 231
B. COMPARISON OF MEAN OF INITIAL SET WITH MEANS OF
SUBSEQUENT SETS

Difference D af

Time interval between | Valus of# | “jOETees

means freedom
b 3011 ¢ . U -(). 2 Q. 202 18
3T 1 S «}-. 03 . 527 12
I -.02 .173 15
8days. et +4+.01 118 15
Tdays. .. necrcccccmccrmen e ———— 4.0 « 108 14
. ANALYSIS OF VARIANCE

: Peogreesof | Bum of Mean

Enurng of variation froedom squares square
Between 80t8. o v vececccamme e mamae 5 0.014 0. 003
Within sets. .. eeccccecn e mver e 47 1. 995 .042
Total. e cccccrcccrrm e ———— 52 2.000 loecencncanen

F < 1 between sots
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- CONCLUSIONS - _

_ Robinson and Thoinpson (1948) stated that de-
termination of the ihorganic-phosphorus content
- "of sea water must be made as soon as possible after
collection of the samples. This is borne out by
the results of this study which give definite proof
that changes can take place within 30 minutes.

The data shown in table 5 demonstrate this.
It is also clearly demonstrated that these same

changes can be completely arrested for prolonged
periods by quick-freezing, and that this:method of
stabilization has sufficient reliability for generak
ﬁ-dﬂptiﬂn. '. : . e e

LITERATURE CITED

RoBinson, Rex J., and Tromas G. TrOMPSON. |

1948. The determination of phosphates in sea
water. Jour. Marine Research 7 : 33-41.



